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doi:10.1016/j.jfma.2012.02.011Background/Purpose: An increase in group D Salmonella isolates with high antimicrobial resis-
tant rates is being seen in Taiwan. This study aimed to determine the multidrug-resistant
(MDR, more than three antibiotics) phenotype, genotype, and the correlation between the
presence of class 1 integrons and its invasiveness of Salmonella panama and Salmonella enter-
itidis isolated from children.
Methods: Twenty S. panama and 59 S. enteritidis isolates were examined for minimal inhibi-
tory concentrations of ampicillin, chloramphenicol, streptomycin, sulfonamides, and tetracy-
cline by agar dilution method. The presence of blaPSE-1, floR, aadA2, sul1, and tet(G)
resistance genes, class 1 integrons, and Salmonella genomic island 1 (SGI1) was identified by
polymerase chain reaction. The adhesion and invasion assays of S. panama to Caco-2 cells were
determined using the pour plate method.
Results: All S. panama and 15 (25.4%) of the S. enteritidis isolates displayed MDR phenotype.
Furthermore, MDR genotype was present in 70.0% of S. panama and 6.8% of S. enteritidis. Class
1 integrons were present in 40.0% of S. panama and 11.9% of S. enteritidis. None contained
SGI1 or SGI1 variants. Strains carrying class 1 integrons were more frequently isolated from
bacteria with MDR (73.3% vs. 37.5%; odds ratio, 4.6; 95% confidence interval, 1.3-16.0;
pZ 0.01) and isolated from blood and cerebrospinal fluid (46.7% vs. 21.9%; odds ratio, 3.1;
95% confidence interval, 1.0-10.1; pZ 0.05) than noncarriers. S. panama carrying class 1 inte-
grons were more invasive to Caco-2 cells than those without (pZ 0.01).of Pediatrics, National Cheng Kung University and Hospital, No. 138, Sheng Li Road, Tainan 704, Taiwan.
u.edu.tw (Y.-J. Yang).
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270 S.-C. Huang et al.Conclusion: S. panama and S. enteritidis with class 1 integrons are significantly related to the
presence of MDR phenotype. Moreover, S. panama with class 1 integrons may present more
invasiveness than those without.
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Salmonella enterica is a major pathogen causing food-
borne enteric infections worldwide. Salmonella enterica
serovar Enteritidis and Salmonella typhimurium were the
two most common serotypes among the more than 2000
Salmonella serotypes in a large surveillance study done in
the United States.1 Our previous study showed that
Salmonella enterica serovar Panama was the most common
serotype of group D Salmonella in Taiwan isolated from
1989 to 1996.2,3 This serotype was highly resistant to anti-
biotics and strongly associated with bacteremia in children
with gastroenteritis.2 Furthermore, an increasing propor-
tion of group D Salmonella isolates has been present and
identified since the 1990s in Taiwan.4,5 The Salmonella
enterica serovar Enteritidis became the dominant strain of
group D Salmonella in Asia.6 Therefore, understanding the
mechanisms of antibiotic resistance and clinical virulence
of S. panama and S. enteritidis isolates is critical for the
control and management of this infection for clinicians.
In the 1990s, a strain of S. typhimurium, phage type 104
(DT104), resistant to ampicillin (A), chloramphenicol (C),
streptomycin (S), sulfonamides (Su), and tetracycline (T)
(R-type ACSSuT), became prevalent in the United States
and Europe.7,8 The resistance mechanism in ACSSuT-type
DT104 has been elucidated, and resistance genes have
been described, all located within the same chromosome
locus, designated Salmonella genomic island 1 (SGI1).9
Variant SGI1 antibiotic resistance gene clusters have been
described in a variety of Salmonella enterica serovars.10
SGI1 variant antibiotic resistance gene clusters were clas-
sified accordingly from SGI1-A to SGI1-L.10,11 There is
increasing concern about the disseminated route of vertical
and horizontal acquisition of resistance determinants,
which is through mobile elements including plasmids,
transposons, and gene cassettes in integrons.12,13 Four
distinct classes of integrons encoding different integrases
have been reported.13 Among them, class 1 integrons are
the most frequent in clinical strains, being found in many
different organisms.14,15
As we have observed in a previous study,3 the association
of multidrug-resistant (MDR) Salmonella infections with
increased hospitalization rate, morbidity, and mortality
suggests the potential role of antibiotic resistance in
altering the virulence of these resistant strains.16,17 In
addition, case-control studies have also suggested that MDR
S. typhimurium DT104 is possibly a hypervirulent strain
compared with susceptible strains of S. typhimurium DT104
or other Salmonella serotypes.18,19 The virulence of
salmonellae ought to be derived from their adhesion and
intracellular invasion ability. Therefore, in this study, the
adhesion and invasion assays used for evaluation of viru-
lence of Salmonella strains were modified from the method
of Bolton et al.20Based on the high antibiotic resistance and virulence of
group D Salmonella isolates in Taiwan, there is a benefit to
study whether certain genotypes of this antibiotic-resistant
gene are correlated with the virulence in clinical isolates of
group D Salmonella in vivo and in vitro.
Materials and methods
Bacterial culture and serotyping of Salmonella
strains
The stool sample of each admitted child with a diagnosis of
acute gastroenteritis was collected for Salmonella isolation
in the Laboratory of Bacteriology of a tertiary center, the
National Cheng Kung University Hospital, Tainan, Taiwan
between 1990 and 2004. Once fever accompanied, blood
culture and cerebrospinal fluid (with a suspicion of menin-
gitis) was drawn simultaneously. The collected strains were
serotyped with a modified “paper-bridged” method, as
described in the previous study.21 The invasive disease was
defined by the isolation of Salmonella from blood or cere-
brospinal fluid.
Antimicrobial susceptibility testing
All isolates were tested for the minimal inhibitory concen-
trations (MICs) determined by the agar dilution method on
Mueller-Hinton agar according to the guidelines of the
Clinical and Laboratory Standards Institute, 2006.22 Resis-
tance breakpoints of MICs were as follows: ampicillin,
32 mg/mL; chloramphenicol, 32 mg/mL; streptomycin,
64 mg/mL; sulfonamides, 512 mg/mL; tetracycline, 16 mg/
mL; cefotaxime 64 mg/mL; and ciprofloxacin 0.125 mg/mL.
Escherichia coli ATCC 25922 and Pseudomonas aeruginosa
ATCC 27853 were used as control. The test was repeated
twice. Once both MIC results were discrepant equal or more
than 4-fold antibiotic concentration, the third test was
performed. MDR was defined as resistant to at least three
antimicrobial agents of these seven drugs.
Detection of resistance genes, class 1 integrons,
SGI1, and SGI1 variants by polymerase chain
reaction
The total DNA of all isolates used for polymerase chain
reaction (PCR) amplifications was prepared using a Qiamp
tissue kit (QIAGEN GmbH, Hilden, Germany). Drug resis-
tance determinants of blaPSE-1, floR, aadA2, sul1, tet(G)
were screened by PCR amplification using previously
described primers and conditions.23e26 The presence of
class 1 integrons was tested by PCR, using the specific
primer for the intI1 gene.27 Detection of SGI1 and SGI1
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described previously.9 The primer sequences and the ex-
pected amplicon sizes are listed in Table 1.2,11,14,21,25,28
The amplification conditions included an initial denatur-
ation cycle at 94C for 5 minutes, followed by 35 cycles of
denaturation at 94C for 30 seconds, 30 seconds of
annealing at 50C for blaPSE1 and intI1, 55C for aadA2,
tet(G), and the left and right junctions of SGI1 and SGI1
variants, 62C for floR, and 63C for sul1, and a final
extension at 72C for 10 minutes.
As a control strain, we had S. typhimurium DT104, a gift
from the laboratory of Professor Chiu, containing genes for
blaPSE-1, floR, aadA2, sul1, tet(G), intI1, and the left and
right junctions of SGI1. Sterile distilled water was used in
place of a DNA template in the negative control models.
The amplified DNA products were analyzed by electropho-
resis using 2% agarose gels. The gels were then stained with
ethidium bromide, destained in water, and viewed under
ultraviolet light.Adhesion and invasion assay
Twenty S. panama strains were tested to assess the viru-
lence to the Caco-2 cells by in vitro adhesion and invasion
assay. The Caco-2 cells were grown to confluence in Dul-
becco modified essential medium containing 10% fetal
bovine serum at 37C in a 5% CO2 humidified incubator.
Fresh cells used for the assay were at passage numbers
between 18 and 25. The cell suspension was seeded at 106
cells/mL and added to each well of a collagen-coated six-
well plate using 3 mL/well. The plates were incubated at
37C in 5% CO2/95% air until a confluent monolayer was
formed. For the adhesion assay, the Caco-2 cells prepared
in six-well plates were preincubated with fresh and ice-cold
Dulbecco modified essential medium for 15 minutes prior
to infection. Then these wells were inoculated with
Salmonella suspensions with a multiplicity of infectionTable 1 Primers used for polymerase chain reaction.
Genes Primer name Oligonucleotide sequen
aadA2 aadA2-F TGTTGGTTACTGTGGCC
aadA2-R GCTGCGAGTTCCATAGC
blaPSE-1 PSE-1-F CGCTTCCCGTTAACAAG
PSE-1-R CTGGTTCATTTCAGATAG
floR flo-F ACCCGCCCTCTGGATCA
flo-R CAAATCACGGGCCACGC
sul1 Sul-1-F CTTCGATGAGAGCCGGC
Sul-1-R GCAAGGCGGAAACCCGC
tet(G) tetG-L CAGCTTTCGGATTCTTAC
tetG-R GATTGGTGAGGCTCGTT
intI1 intI1-F CCTCCCGCACGATGATC
intI1-R TCCACGCATCGTCAGGC
thdF U7-L12 ACACCTTGAGCAGGGCA
int LJ-R1 AGTTCTAAAGGTTCGTA
S044 104-RJ TGACGAGCTGAAGCGAA
int2 C9-L2 AGCAAGTGTGCGTAATT
S044 104-RJ TGACGAGCTGAAGCGAA
yidY 104-D ACCAGGGCAAAACTACAequal to 100 and were placed on ice for 1 hour. The cells
then were gently washed five times with 2 mL of ice-cold
phosphate-buffered saline (PBS) to remove nonadhered
bacteria. The Caco-2 cells were then lysed at room
temperature for 10 minutes with ice-chilled 0.1% Triton X-
100.
For the invasion assay, these wells were inoculated with
Salmonella suspensions with a multiplicity of infection
equal to 100 and then were incubated at 37C in a 5% CO2
humidified environment for 30 minutes. The cells were then
washed five times with PBS followed by incubation at 37C
in a 5% CO2 environment for 2 hours, followed by washing
five times with PBS. Cell culture medium containing 200 mg/
mL gentamicin was used to remove extracellular bacteria.
The Caco-2 cells were then lysed at room temperature for
10 minutes with ice-chilled 0.1% Triton X-100. For both
assays, viable bacterial counts were determined in tripli-
cate by using the pour plate method.20
Statistical analysis
The chi-square test with the odds ratio (OR) and 95%
confidence interval (CI) was applied to estimate the
possibly related factors between groups. The Student t test
was used as appropriate to compare the differences of
bacterial numbers of adhesion and invasion assays between
S. panama with and without class 1 integrons.
Results
Bacterial strains and serotyping
A total of 79 epidemiologically unrelated Group D Salmo-
nella enterica strains isolated from previously healthy
children were collected. The collection contained 20
isolates of S. panama and 59 isolates of S. enteritidis. The
frequency of S. panama isolated was less during 1998e2004ce (50/ 30) PCR product size
(base pairs)
Reference
GTA 380 2
TTC
TAC 419 28
CG
AGTCAAG 547 21
TGTATC
GGC 436 28
GCC
GG 844 25
AGC
280 25
AG 500 14
GTCG
TTG 515 14
TGG
TTG 500 11
CAG
272 S.-C. Huang et al.(5/56, 5.2%) than during 1990-1997 (15/21, 71.4%) among
both Salmonella serovars. Among the 20 S. panama strains,
there were 11 (55%) isolates cultured from blood, 3 (15%)
from cerebrospinal fluid, and 6 (30%) from stool. For the
59 S. enteritidis strains, there were 7 (12%) isolated
from blood, 52 (88%) from stool, and none was isolated
from cerebrospinal fluid. Accordingly, there were 70% of
S. panama and 12% of S. enteritidis clarified as clinical
virulent strains.
Antibiotic resistance profiles
The resistant rates to seven antimicrobial agents in
S. panama and S. enteritidis are shown in Table 2. Nonewere
resistant to cefotaxime and ciprofloxacin. This collection
included a broad range of antibiotic resistance profiles with
35 (44.3%) isolates demonstrating MDR phenotypes including
19 (24.1%) isolates displaying penta-resistance phenotype
(ACSSuT) and 37 (46.8%) isolates susceptible to seven anti-
microbial agents. The Salmonella strains tested were most
often resistant to sulfonamides (48.1%) and tetracycline
(48.1%), followed by streptomycin (45.6%). S. panama stood
out as the one with 100 percentages of MDR strains from both
serotypes; otherwise, 15 (25.4%) of S. enteritidis isolates
showed MDR phenotype (p< 0.001). In addition, the rate of
strains isolated from patients with invasive disease was
significantly higher in the MDR Salmonella than that in the
non-MDR isolates (pZ 0.02).
The association between MDR phenotype and
antibiotic resistance genes
The PCR results of five antibiotic resistance genes showed
that there were 43.0%, 19.0%, 82.3%, 38.0%, and 45.6%
positive amplifications in the blaPSE-1, floR, aadA2, sul1,
and tet(G) genes, respectively. The presence of floR (37.1%
vs. 4.5%; OR, 12.4; 95% CI, 2.6-60; P< 0.001) and sul1
(74.3% vs. 9.1%; OR, 28.9; 95% CI, 8.0-104; p< 0.001) genes
was significantly found in the MDR isolates than in non-MDR
strains. The phenotypic and molecular characteristics of
the 35 MDR S. panama and S. enteritidis isolates tested in
this study are shown in Table 3. Among the 20 MDR
S. panama strains, there were 18 (90.0%) bacteria showed
the R-type ACSSuT phenotype, which was similar to the
S. typhimurium DT104. However, only five of them (27.8%)
had a correspondent genotype (presence of blaPSE-1, floR,
aadA2, sul1, and tet(G) genes) in the chromosomal DNA.
For the 15 MDR S. enteritidis strains, the most encountered
phenotype was SSuT (60.0%) but only one strain carried
aadA2, sul1, and tet(G) genes. Furthermore, mostTable 2 Resistance rates to five antimicrobial agents in S. pan
Serotype (n)
MDR phenotype AMP CHL
S. panama (20) 100 100 90.
S. enteritidis (59) 25.4 10.2 5.1
Total (79) 44.3 32.9 26.
AMPZ ampicillin; CHLZ chloramphenicol; CIPZ ciprofloxacin; CTX
Salmonella strain was resistant to at least three of the five antibioticSalmonella isolates carried aadA2 (93.3%) and sul1 (86.7%)
genes, which correspond to the streptomycin- and
sulfonamides-resistant phenotypes. This result shows that
the MDR phenotypes of tested strains were not fully
correspondent with the presence of certain genotypes
among the 35 MDR Salmonella isolates.
The presence of class 1 integrons, SGI1, and SGI1
variants cassette
The presence of class 1 integrons was found in 19.0% in the
Salmonella strains. None were found containing SGI1 or
SGI1 variants. The presence of class 1 integrons was more
frequent among S. panama than S. enteritidis isolates
(40.0% vs. 11.9%, pZ 0.03). Both serovars manifesting MDR
phenotypes had a higher rate of presence of class 1 inte-
grons (31.4% vs. 9.1%; OR, 4.6; 95% CI, 1.3-16.0; pZ 0.01)
and clinically virulent diseases (40.0% vs. 16.0%; OR, 3.5;
95% CI, 1.2-10.1; pZ 0.02) than the non-MDR phenotypes.
Moreover, strains carrying class 1 integrons were more
frequently isolated from MDR phenotype isolates (73.3% vs.
37.5%; OR, 4.6; 95% CI, 1.3-16.0; PZ 0.01) and patients
with clinically virulent diseases (46.7% vs. 21.9%; OR, 3.1;
95% CI, 1.0-10.1; pZ 0.05) than from noncarriers. The
characteristics of S. panama (nZ 8) and S. enteritidis
(nZ 7) containing class 1 integrons are shown in Table 4.
The most common amplifying products were 1000 and 1200
base pairs in S. panama and 750 and 1250 base pairs in S.
enteritidis, respectively. A notable feature was that all
Salmonella isolates carried a single gene cassette from the
cassette primers. In contrast, the S. typhimurium DT104
displayed two bands (1000 and 1100 base pairs) from the
same primers.
Salmonella panama carrying class 1 integrons is
invasive to Caco-2 cells
The virulence of 20 MDR S. panama isolates was assessed by
adhesion and invasion assays. The mean bacterial counts of
adhesion to Caco-2 cells was not different between
S. panama isolates with and without class 1 integrons
(Fig. 1A, 1.75 105 vs. 1.93 105 colony-forming units
(CFU)/mL, pZ 0.55). However, the mean bacterial
numbers of the invaded Caco-2 cells were significantly
higher in S. panama possessing class 1 integrons than in
those without class 1 integrons (Fig. 1B, 1.23 106 vs.
0.75 106 CFU/mL, pZ 0.01). Furthermore, S. panama
causing invasive disease displayed more invading bacterial
counts than the strains isolated from stool (Fig. 1C,
1.1 106 vs. 0.56 106 CFU/mL, pZ 0.007).ama and S. enteritidis isolated from children with diarrhea.
Resistant isolates (%)
STR SUL TET CTX CIP
0 100 100 100 0 0
27.1 30.5 30.5 0 0
6 45.6 48.1 48.1 0 0
Z cefotaxime; MDRZmultidrug-resistant (defined as when the
s); STRZ streptomycin; SULZ sulfonamides; TETZ tetracycline.
Table 3 Phenotypic and molecular characteristics of chromosomal resistant genes in the 35 MDR S. panama and S. enteritidis
isolates.
Strains (n) Resistant
phenotype
No. of
isolates
Antimicrobial resistance genotypes tested by PCR (no. of isolates)
S. panama (nZ 20) ACSSuT 18 blaPSE-1, floR, aadA2, sul1, tet(G) (5)
a, floR, aadA2, tet(G) (1)
blaPSE-1, floR, aadA2, sul1 (2), aadA2, sul1 (3)
blaPSE-1, floR, aadA2, tetG) (2), sul1, tet(G) (1)
blaPSE-1, aadA2, sul1, tet(G) (2), aadA2 (1)
blaPSE-1, aadA2, sul1 (1)
ASSuT 1 aadA2, sul1 (1)
SSuT 1 aadA2, sul1, tet(G) (1)a
S. enteritidis (nZ 15) ACSSuT 1 blaPSE-1, aadA2, sul1 (1)
ACST 1 aadA2 (1)
ASSuT 3 blaPSE-1, aadA2, sul1, tet(G) (2)
a, aadA2, tet(G) (1)
ASuT 1 aadA2, sul1 (1)
SSuT 9 aadA2, sul1, tet(G) (1)a, aadA2 (2)
aadA2, sul1 (3), sul1 (2)
aadA2, tet(G) (1)
a The phenotype of Salmonella strain was proportional to the presence of resistant genes.
ACSSuT means resistant phenotypes to ampicillin (A), chloramphenicol (C), streptomycin (S), sulfonamides (Su), and tetracycline (T).
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Antimicrobial-resistant bacteria isolated from zoonotic
food-borne infections are a serious problem worldwide.28,29
Of particular concern is the increasing frequency of MDR
Salmonella strains. In this study, as reported from western
countries, a high percentage of the invasive group D
Salmonella (S. panama and S. enteritidis) strains were
resistant to multiple antibiotics.30,31 In particular, the
resistance pattern in our S. panama isolates harbored
almost the same ACSSuT-type of MDR S. typhimurium
DT104,7,8,25 which has increased worldwide since the
1990s.32e34 We conducted another study previously on
pulsed-field gel electrophoresis and the results showedTable 4 Characteristics of 15 S. panama (nZ 8) and S. enterit
ID Serovar Size of integrons
(base pairs)
Antibiotic resistanc
phenotype
NC13 Panama 1000 SSuT
NC17 Panama 1200 ACSSuT
NC23 Panama 1000 ACSSuT
NB39 Panama 1200 ASSuT
NB35 Panama 1200 ACSSuT
NB29 Panama 1200 ACSSuT
N34 Panama 1200 ACSSuT
N33 Panama 1000 ACSSuT
N51 Enteritidis 1250 ASuT
N7 Enteritidis 1250 ACSSuT
N65 Enteritidis 1250 ACST
N4 Enteritidis 1250 SuT
N42 Enteritidis 750 SuT
N45 Enteritidis 750 SuT
N77 Enteritidis 1250 SuT
DT104 Typhimurium 1000,1100 ACSSuT
BZ blood; CZ cerebrospinal fluid; SZ stool.a single genotype of S. enteritidis and diverse genotypes of
S. panama circulating in Taiwan.21 In combination with
these findings, the current study indicates that clonal
dissemination and horizontal gene transfer of this antimi-
crobial resistance region has existed.
The presence of more than 70 different antibiotic
resistance genes, structured as gene cassettes and coding
for a particular antibiotic resistance, has been demon-
strated in other studies.24e26,34 As with our study, the
presence or absence of chromosomal resistance genes
cannot predict the antimicrobial resistant phenotype.34,35
In DT104, all resistance genes for the ACSSuT phenotype
were clustered in a nontransferable 43-kb region termed
SGI1.8 However, none of the 79 group D Salmonella isolatesidis (nZ 7) isolates containing class 1 integrons.
e Antibiotic resistance
gene tested by PCR
Source Date of
isolate
aadA2, sul1, tet(G) C, B Aug. 1990
aadA2, sul1, blaPSE-1, floR, tet(G) B Sep. 1990
aadA2, floR, tet(G) B Oct. 1990
aadA2, sul1 S Jul. 1995
aadA2, sul1, blaPSE-1, tet(G) B Aug. 1995
aadA2, sul1, blaPSE-1, floR, tet(G) B Sep. 1995
aadA2, sul1 B Oct. 1998
aadA2, sul1 B Jun. 2001
aadA2, sul1 S Nov. 1998
aadA2, sul1, blaPSE-1 S Dec. 2000
aadA2 S Apr. 2003
aadA2, sul1, blaPSE-1, tet(G) S Apr. 1999
aadA2, sul1, tet(G) S Oct. 2002
sul1, tet(G) S Dec. 2000
aadA2, sul1, blaPSE-1, tet(G) S Oct. 1998
aadA2, sul1, blaPSE-1, floR, tet(G)
Figure 1 The mean bacterial numbers of (A) adhesion and
(B) invasion to Caco-2 cells after incubation with S. panama
isolates in the in vitro assays. (C) The mean invaded bacterial
numbers were compared between S. panama strains isolated
from children with invasive diseases (blood and cerebrospinal
fluid) and noninvasive disease (stool).
274 S.-C. Huang et al.harbored SGI1 or its variants in this study. Therefore, this
study confirmed again that other mobile elements, such as
integrons, carrying resistance gene cassettes, take on the
role of spreading this MDR phenotype of Salmonella.9,36
The integron-encoded integrase IntI1 has been shown to
be required for the movement of gene cassettes. In
general, cassettes do not include a promoter and are
transcribed from a promoter in the integron.13 The
expression levels of gene cassettes, as inferred from the
level of antibiotic resistance, vary considerably. This may
be why there is a disproportionate presence of antibiotic
resistance genes and phenotypes of antibiogram in this
study. Indeed, the class 1 integrons were identified in the
S. panama strains isolated from humans as early as 1990. In
contrast, the first S. enteritidis possessing class 1 integronswas isolated in 1998. This result indicates that horizontal
transfers of gene cassettes to the different serotypes of
Salmonella have been ongoing. In fact, the S. enteritidis
isolates became the most frequent isolated strains of group
D Salmonella in Taiwan during the past decade.4,21 Once
the increase of MDR genes and/or virulent elements
emerges in S. enteritidis, the morbidity and mortality of
nontyphoid Salmonella infection in humans will be raised.
The virulence of certain serotypes of nontyphoid
Salmonella carrying virulent plasmids have been shown in
human studies.37,38 However, Chiu et al. have found that in
Taiwan, most Salmonella strains (including S. panama)
occasionally generating bacteremia following an episode of
gastroenteritis is plasmidless.36 Aside from our previous
observations that MDR Salmonella have a higher rate of
isolation from clinically serious patients,3,21 our study
demonstrates the close association between the group D
Salmonella harboring class 1 integrons and the incidence of
MDR phenotype and clinical virulence by clinical observa-
tion. In in vitro analysis we also identified that the hyper-
virulence of S. panama was caused by its invasiveness
rather than its adhesion to the Caco-2 cells. It is rational to
test whether virulent S. panama carrying class 1 integron
harbors certain invasive genes in the future. Although other
studies could not demonstrate this relationship from S.
typhimurium DT104,39 it may originate from the different
cell lines and strains used. Therefore, we suggest that the
invasiveness of the MDR S. panama containing class 1
integrons into human intestinal epithelial cells may be
correlated with its hypervirulence.
The main limitations of our study are a relative small
sample size in pediatric patients and a decreased rate of S.
panama isolation in the period of 1998-2004. In summary,
the current study shows that the MDR genotype of group D
Salmonella, S. panama and S. enteritidis, isolated from
children with diarrhea, was associated with the presence of
class 1 integrons. Moreover, we found that the S. panama
carrying the class 1 integrons cassette was more virulent in
clinical observation and cell line assay than those without
class 1 integrons. It will be necessary to further address the
potential linkage of antibiotic resistance with any virulence
factor for the survival and virulence of MDR Salmonella
bacteria in the intestines. Surveillance and monitoring of
antimicrobial drug resistance, including screening for class
1 integrons, are necessary steps in planning effective
strategies for controlling food-borne infectious organisms.Acknowledgments
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